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Abstract

In Palau, regulations are implemented to manage groupers and protect spawning aggregations. They
include a seven-month closed season on grouper fishing during the main spawning season, and the
permanent spatial closure of the two main fish spawning aggregation (FSA) sites. Since 2008,
underwater visual census surveys were conducted at these sites and two additional unprotected
reference sites, two and three days before the new moon lunar phase to monitor the abundance and
biomass of groupers over time. Overall, our results demonstrated that, protected FSAs harbor
significantly more groupers (up to 9 times higher) than reference sites during spawning times. Within
the two FSAs, the abundance of Epinephelus fuscoguttatus (Met e un g er @ inGdasednevéra i
time and there was an increasing trend of Epinephelus polyphekadion (Ks a u 6 t eahenk af ithg
FSAs. There was no change in abundance of Plectropomus areolatus (Tiau) but we observed high
inter-month variability in their aggregative patterns. Despite some limitations, this study proves that
management strategies currently implemented in Palau are effective and should be maintained.
However, additional studies are needed to better understand the spawning aggregation patterns of P.

areolatus in order to properly assess the effects of current management regimes on this species.
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Introduction

Several species of coral-reef fishes aggregate to spawn during specific times and at specific locations
(Domeier and Colin 1997; Sadovy and Domeier 2005; Domeier 2012). This reproductive period is
related to the lunar phase and occurs at the same place, where the density of fish far exceeds the
density during non-reproductive period (Domeier and Colin 1997; Domeier 2012). Many
commercially-valued fish species such as grouper (Epinephelidae), snapper (Lutjanidae), jack
(Carangidae) and surgeonfish (Acanthuridae) share this life history trait (Domeier and Colin 1997;
Sadovy de Mitcheson et al. 2008). Because of the predictability of fish spawning aggregations (FSAS)
in time and space, fishermen often target them. Depending on the intensity of fishing, the extraction of
spawners during their reproductive time can significantly affect the local population (Sala et al. 2001,
Sadovy and Domeier 2005; Rhodes et al. 2014).

Among coral-reef fish that are known to aggregate to spawn, groupers (Epinephelidae) are highly
valued food fish on local and live-fish food trade markets (Sadovy and Vincent 2002). In addition to
their spawning behavior, groupers have other life history traits that make them vulnerable to fishing
pressure. They are slow growing and long-lived, reaching sexual maturity late in life (Sadovy and
Vincent 2002). Groupers are also protogynous hermaphrodites (changing sex from female to male
during their lifespan), which can lead to uneven sex ratios if fishers disproportionally target the largest
individuals in a population, resulting in sperm limitation (Koenig et al. 1996; Armsworth 2001; Gruss et
al. 2014). Worldwide, grouper FSAs have declined (Sala et al. 2001; Sadovy de Mitcheson et al.
2008; Golbuu and Friedlander 2011; Rhodes et al. 2014) or, in some cases, have become locally
extinct (Aguilar-Perera 2006; Sadovy de Mitcheson et al. 2008, 2013) due to unsustainable fishing

practices.

Several management strategies have been proposed to reduce grouper population declines. These
include size limits, seasonal closures, total specific species bans, gear restrictions, and fishing
closure of spawning sites (Domeier and Colin 1997; Rhodes and Sadovy 2002; Sadovy de Mitcheson
et al. 2008; Gruss et al. 2014), and some methods have shown to be effective (Nemeth 2005;
Hamilton et al. 2011). Among those, in Palau, two methods have been implemented to manage
grouper populations: two known FSAs sites are closed to fishing all year round, along with a seasonal

fishing closure of seven months a year for five species of groupers.
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In Palau, groupers have historically been targeted as food fish species (Sadovy de Mitcheson et al.
2008; Golbuu and Friedlander 2011). However, their aggregation characteristics have also been well
documented (Johannes 1981; Johannes et al. 1999; Golbuu and Friedlander 2011); hence the
implementation of fishing regulations strategies. i Si n c e 1FalQudMariné Praection Act of 1994
banned fishing, selling, buying and possession of five species of grouper (Epinephelus fuscoguttatus,
Epinephelus polyphekadion, Plectropomus areolatus, Plectropomus laevis and Plectropomus
leopardus) during the summer mo n({Gbllsuu and Frigdiandeér RO1L), lwhiadhu g h
was extended to October in 2012. In addition, two well-known spawning sites are closed to fishing all-
year round: Ngerumekaol Spawning Area (NSA) and Ebiil Conservation Area (ECA) (Fig. 1). NSA has
been temporarily closed during the summer months since 1976 and became a year-round no-take
zone in 1999. ECA was first classified as a no-take no-entry zone in 2000 but is now opened to non-

extractive diving and snorkeling activities.

This present study examines the effectiveness of management strategies on the four principal
grouper species present at spawning locations: Epinephelus fuscoguttatus (Met eunger e, 6t
Epinephelus polyphekadion (K s a u 6 t ¢ Rieckopamis areolatus (Tiau), and Plectropomus laevis
(Mo k a s/ Ka)t Tha objectimes of this study are 1) to compare abundance and biomass at
protected areas versus non-protected FSA reference sites, and 2) to examine trends in abundance

and fish size distribution at protected FSAs over time.
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Methods
Study Sites

Underwater Visual Census (UVC) surveys were conducted at four different sites: two marine
protected areas (MPAs) and two non-protected sites (Fig. 1). Both MPAs are important aggregation
sites for Serranidae species. NSA encompasses a dead-end channel with a mean depth of 9 m
(Johannes et al. 1999) and covers an area of 3.51 km?, which was closed to fishing in 1999. ECA
includes a 400 m-wide, deep (up to 35m) channel, containing 19.1 km? of reef, and has been
classified as no take / no entry zone since 2000. The two non-protected sites (Denges and
Ngeremlengui) are also reef channels that historically possessed FSAs, but were depopulated due to

overfishing practices (Sadovy 2007).

Legend
e Survey Site
* End of Survey Site
MPA

Ngeremlengui

Figure 1: Satellite map showing four survey sites and positioning of the five 50 m transects.
Protected sites framed in red, reference sites framed in blue. GPS coordinates of survey sites are in
Appendix 1.

4



PICRC Technical Report No. 15-13
Sampling Design

UVC surveys were conducted at the same lunar phase each month, two and three days before new
moon as advised in Johannes et al. (1999), for ECA and NSA respectively. In 2008/2009 and
2014/2015, year-round monthly surveys were completed (with the exception of January 2009, July
2009/2014 due to adverse weather conditions). In 2012 and 2013, only the months during the peak of
the spawning season were surveyed (May to September).

At each site, five 50 m permanent transects were surveyed each month (Fig. 1). The first transect
was marked using GPS coordinates and distinct reef structures and followed a constant 10 m depth
contour along the reef. The following transects were placed approximately five meters after the
previous transect, or at specific reef marks known by the observers. Only ECA was surveyed at an
additional depth (20 m) due to the large size of the channel. Observers recorded the abundance and
estimated the total length of selected Serranidae species to the nearest centimeter within the five 50
m x 5 m transect belt (250 m?), while swimming at a measured constant speed. Six different
observers were used during the time span of the sampling, after prior species identification and size
estimation training.

Species specific fish biomass was calculated using the total length-based equation: @ & "Y() where
W is the weight of the fish in grams, TL the total length (cm) of the fish, and a and b are constant
values obtained from published biomass-length relationships (Kulbicki et al. 2005) and FishBase

(www.fishbase.orq).

Data analysis

Toassesst he effect of protection on grouperds abund
were fit wusing t h ¢atésletake2018; RoDewelhpangneCoie iearR 2015).

To compare protected with non-protected FSAs, linear mixed models were fit for the abundance and
biomass data of four ¢ o mmo n gr oup e r Epmephaus efuscogutatus, Epinephelus
polyphekadion, Plectropomus areolatus, and Plectropomus laevis. Status (two levels: protected and
non-protected) was set as fixed factor with month as a random factor nested within site and year to
address the variation associated with repeated measurements at the same sites over time. To
examine the trends i aprgacteduRsAsrogestime, Bimilardreodels were fit to
the abundance of the same grouper species with Year as a fixed factor and Month as random factor
nested within Year. Data was first log+1 transformed to conform to model assumptions of normality
and homogeneity of variance. When refuted, general linear mixed models (GLMMSs) with a negative-
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binomial distribution were chosen instead of linear mixed effect models. For all models, differences
among the | evels of the fixed f act o fusctionwithie thef ur
Amul t comp 0 (Haharo letaay €2008). The size distribution of each species was plotted
(proportional density curves) for each year and mean sizes were calculated in R. However, we

interpreted this data with caution due to the large number of observer (n = 6) during the study.
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Results
Effect of protection

The overall abundance and biomass of groupers over all the years of surveys was significantly higher
within protected sites (NSA and ECA) compared to their respective reference site (P < 0.001) (Fig. 2).
The two protected areas were also significantly different from each other (P < 0.01), with greater
biomass/abundance of grouper at NSA compared to ECA, while the two reference sites did not differ
(P > 0.05).
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Figure 2: Boxplots of grouper abundance (a) and biomass (b) at MPAs and Reference sites on
Palau. Black lines inside boxes represent the median of the sample surrounded by the upper (1*) and
lower (3" quartiles. Points above and below the whiskers represent outliers.

Year-round abundance trends of groupers at FSAs

There was a significant increase in Epinephelus fuscoguttatus density in 2014/2015 compared to
2008/2009 at NSA (P < 0.001) and ECA (P < 0.05) (Fig.3). However, the density of Plectropomus
areolatus and Epinephelus polyphekadion did not fluctuate significantly through time (P > 0.05)

(Fig.3).
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Figure 3: Mean monthly abundance of grouper species (+ SE) at two sites on Palau in 2008/2009
and 2014/2015. N/A represent missing samples. Top panels: E. fuscoguttatus, middle panels: E.
polyphekadion, bottom panels: P. areolatus.
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Abundance trends of groupers at FSA during spawning season (May-September)

The abundance of Epinephelus fuscoguttatus significantly increase from 2008/2009 to 2013 at NSA
(P < 0.05) and in ECA, there was an increase in all the years from 2008/2009 (P < 0.01) (Fig.4). The
density of the other three grouper species did not change during spawning season at both protected

areas through time (P > 0.05) (Fig.4).
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Figure 4. Mean abundance of grouper species (x SE) during the five months of spawning peak
season
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Grouper size distribution at FSA through time

The size distribution of each grouper species shows variable trends through time (Fig. 5). The mean
size (x SE) of P. areolatus decreased from 48 (+ 0.3) cm in 2008/2009 to 44 (+ 0.4) cm in 2014/2015
at NSA, and reduced from 47 (= 0.3) cm to 41 (x 0.5) cm at ECA over the same time period. E.
fuscogutattus6  m esiaerwent from 73 (x 3.0) cm to 63.2 (£ 1.3) cm at NSA and from 70.2 (x 1.5) cm
to 63.8 (x 0.7) cm at ECA through time. Lastly, the mean size of E. polyphekadion increased from
27.4 (£ 0.7) cm to 35.8 (£ 0.5) cm at NSA and did not change (35 cm) at ECA through time.
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Figure 5: Density curves of the sizes of thet hr ee most abundant groupe
protected FSAs. Top panel: P. areolatus, middle panel. E. fuscoguttatus, bottom panel: E.
polyphekadion.
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